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A. lOTRODUCTIOU* 

Althoiigh certain senses of mature fishes have been carefully 
studied, little work has "been done upon the reactions of embryos • 
The investigations of the adult fish have been made chiefly with 
reference to the senses of smell, taste, sight, and hearing* 
Herrick (*03) foiind that some fishes possess taste buds located 
in the skin, by which they habitually discover their food, while 
other fishes have the sense of taste confined to the mouth • 
That the catfish has a true olfactory sense, which is distinct 
from gustatory, was shown by Parker ClO)* The sense of hearing 
has also been studied by Parker ('05, *08, '11), who believes 
that some fishes are stimulated by soiuids of slow vibration* 
Bernoulli ClO), on the other hand, maintains that the fishes 
with which he worked do not hear, but respond through tactual 
and visual stimulation, when at all, to the mechanical motion of 
the water « 

The work of Paton ('07), irtio describes some of the reactions 
of fish embryos, is of particular interest* He believes that the 
early attempts of fish embryos to lie upon the ventral side are 
not due to the influence of the nervous system, but rather to the 
position in which they lie in the egg, and the shape of the body, 
combined with the propulsion of the water. Even embryos of 
thirteen and fourteen millimeters show a tendency to right them- 
selves when they swim# 

This author found that trout embryos of fifteen millimeters 
often swam once or twice aro\md a dish five centimeters in 
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dlameter, but in all fishes progression was possible long before 
this, even at nine or ten millimeters^ Squeezing or prioking 
the yolk sac of the trout caused exaggerated movements in the 
young fish# The head was found to be less sensitive to touch 
than the body; the eye in all stages examined was rather 
insensitive to touch* Prompt and unmisteikable responses to thermal 
stimuli appeared at an early age* The rate of the heart beat at 
ten millimeters was twenty-five or twenty-eight, and at fifteen 
millimeters was seventy-five or eighty* 

Since the information concerning the reactions of fish 
embryos is so meagre, it seems desirable that the kinds of stimu- 
lation to which various types of fish react, and the age at which 
such reactions begin, should be ascertained and possible appli- 
cations to economic problems considered* The present paper is an 
attempt to give a connected account of the life axjtivities of the 
Brook Trout, Salvelinus foptipalis . from the time of hatching to 
the absorption of the yolk sac* 

The Brook: Trout is usioally found in clear cold spring 
water, and prefers brooks or streams flowing over gravelly 
bottoms* It pushes from the rivers into the smaller streams, 
seeking the head-waters, where it rests in the deep pools and 
eddies* Under natural conditions it is seldom found in water over 
600 P* to 650 p. The Brook Trout spawns in autumn as the 
temperature of the water falls* The season, irtiich usually lasts 
about two months, begins earlier in the northern latitudes, in 
the Lake Superior region in Septesiber, ftr even in August, while 
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in ITew York, Kew England, and Lower Michigan ^It commences alDout 
the middle of October « The time necessary for developing the 
eggs is dependent upon the temperature of the water, varying from 
ftlDOut 125 days at 37^ P* to about 50 days at 50^ P. 

The experiments here described were performed in the 
Zoological Laboratories of the University of Wisconsin* About 
five hundred embryos were used, eggs being obtained at the Madison 
Pish Hatchery, and broiight to the laboratory in four different 
batches, so that embryos of various stages could be observed at 
the same time# The youngest stages were kept in a wire tray in 
a troiigh of running water (from Lekke Mendota) n^ile the older 
individuals were placed in glass dishes and set in running water 
to keep them cool* About one hundred Rainbow Trout, Sa^mo irideus. 
of two different stages and a number of young German Brown Trout, 
5€tlmo fario. which swam freely in the trough, were kept under 
observation* 

During the experiments the teiqperature of the water ranged 
from 5^ C. to 10^ C* Most of the experiments were perfoimed in 
a dark room, the temperature of lAiich was usiially about 19^ to 
21^ C* The fish were handled with a feather or with a spoon 
made of bent wire with netting stretch ^across it* Although there 
was a high rate of mortaaity (due to gas-bubble disease, fungi, 
algae which crept into the gills, and persistant handling)^ several 
of the Brook Trout survived during the whole period* All 
experimental data refer to the Brook Trout unless otherwise 
stated* 
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B* EXPERIUE13TS ASD OBSERVATIOirS^ 
1* Hatching* 
The egg of the Brook Trout is small and nearly colorless, 
measuring about four millimeters in diajneter* The embryo, 
which is about three times as long as the diameter of the egg, 
lies curled aroxmd its yolk sac with the tip of the tall beside 
the head* The eyes and head are visible through the thin shell* 
The hatching is initiated by movements starting at the head and 
later extending through the whole length of the body, so that 
the position of the embryo in the egg is somewhat changed* Such 
movements continue at intervals, varying from a quarter of a 
minute to an hour or more, until the shell is so strained that a 
slit appears* There does not seem to be any distinction as to 
which part of the embryo comes out first, for in the twenty- three 
cases observed, eight embryos appeared head first, one tail first, 
and in fourteen cases, the yolk sac broke through before the body* 
The final shedding of the egg case is sometimes brought about 
by a violent movement of the body, but in nearly all the 
instances observed, it was a gradual process lasting from three 
quarters of an hour to five or six hours, during which the 
Initial slit was slowly enlarged by the rhymical motions of 
the body and the respiratory movements* If the anterior end is 
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to \>e the first to appear, the violent contraction of the embryo 
raises the head until the strain splits the shell far enough to 
free the region iDearing the pectoral fins, which isnnedlately 
begin to move« The front of the head soon follows* Whether 
the tail or the yolk sac comes out first, the length of time 
required is nearly the same, and the details of the process 
differ yery little* Unless the animal is disturbed, it may lie 
quiet for hours while the egg case slips off, but if the fish 
is Jarred, a violent contration almost invariably results, thus 
hastening the loss of the egg case* In nature where there are 
great numbers of fish hatching simultaneously, they undoubtedly 
touch one another continually, shortening the time required for 
hatching* 

The Brook Trout makes its appearance as a pretty, delicate, 
translucent creature about twelve centimeters long* Its most 
conspicuous features are its enormous eyes, which occupy almost 
the whole head, its huge yolk sac covered with a fine network of 
bloodvessels leading to the heart, the beating of which can 
plainly be seen* Along the back is a strip of pigment extending 
from the head to the tip of the slender tail* 

2* SWnmiSGr MOVEMEaJTS, 
Although the Brook Trout spends most of the first six 
weeks of its larval life lying quietly on its side, it is per- 
fectly capable of swimming as soon as the egg case is lost* 
In fact, Paton ('07), vrtio worked on trout among other varieties 
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of fish, states that definite progression is possi'ble ivhen 
the embryo is nine or ten millimeters long« In the present ex* 
periments^ if a fish whioh had Just hatched was suddenly touched^ 
it would whirl round and round as if its cumbersome yolk sac 
formed a movable piTot« BJ- the fourth day the movements are 
still rotatory, but the fish swim in larger circles and can go 
straight ahead for a greater distance « There is also more dart- 
ing about, the tail being always the most active part of the 
body* The trout which is one week old (14-15 millimeters) 
swims in a spiral coi!irse« As the yolk sac diminishes in size, 
the fish is better able to control its movements* It lies upon 
its ventral side like an adult at the a^e of six weeks in most 
cases, and in swimming, continually darts about, turning first 
one way, then the other* 

3. REACTION TO MECHANICAL JARS* 

Possibly the first stimulus to which a developing trout 

reacts is that of mechanical jars* Often before the embryo has 

completely left the shell, the shaking of the dish or currents 

in the water cause it to contract, and if the tail is free, to 

swim about with the head still encased* This sensitiveness to 

s 
mechanical vibrations continueil throughout the larval life* 

Even so slight a vibration as that caused by blowing on the 

water makes the fish dart about* 
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4* REACTIONS TO TOUCH. 

The sense of touch is well developed when the trout 
hatches^ but It is inipossible to predict iriiat response will be 
given to a stimulus in any particular part of the body» Embryos 
in nearly all stages of development from the time of hatching 
until the yoU: sac was lost, were touched systematically with a 
slender, pointed stick, and with bristles to determine whether 
one part of the body was more sensitive than another • I. found, 
as Paton {'07) did, that although it is very difficult to 
locaaize the tactile areas, the head is much less sensitive than 
the body, and the eye is quite insensitive* Judged by such 
responses, the tail seems to be the most sensitive part of the 
body* It was found that the trout avoided a brush much more 
vigorously than they did a pointed stick or a single bristle. 
This is probably because the brush stimulates them at more 
points* 

If touched persifitently, the embryos swim about, turning 
rapidly in all directions. When they are eventually fatigued, 
the responses become less marked; the trout may then merely 
move its tail or increase the rate of movement of its fins* It 
may even become absolutely quiet for a time, after which the 
reactions take place as before* The young trout show some 
measure of adaptability, for they grow somewhat accustomed to 
being handled, and particularly in the case of the oldest fish 
(three months old), those v*iioh had been repeatedly picked up 
were slightly easier to catch than those vrtiich had never been 
touched* 
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5* RBACTIOITS TO CURIffiNT* 

Since Brook Trout live in aewift flowing streams, one 
would expect them to react to currents • In order to test this 
matter a trough was constructed in which they could be tested* 
The apparatus was fifty inches long by two and one-fourth inches 
wide and three inches deep with straight sides • A piece of 
tubing connecting with a faucet was attached to the center of 
one end, in such a way that a current of uniform intensity 
flowed through the whole length of the trough; at the other end 
was an outlet covered with netting to prevent the loss of the 
fish* 

After testing various strengths of current, the one which 
brought about the greatest number of reactions was found to be 
that which carried carmine solution the length of the trough in 
half a minute* Therefore, this strength of current was used in 
most of the experiments* Since all tests were made in a dark 
room, it was a simple matter to turn on the faucet a certain 
distance with the room in total darkness, in that way eliminating 
all reactions to light* Nevertheless since it was found that 
the daylight had little effect on the results, the room was not 
darkened for all the ejgperiments* 

Nearly all stages of young Brook Trout from the time of 
hatching to the absorption of the yolk sac were tested* Table 
I shows some of the results* 
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TABLE I. 
Showing t^^ Reactions pf Br . opk Trout pp Current . 



number j 
of ex-:; 
perimerfc 


! Number 
:of fiedi 
lused 


:Age : 
: of ! 
:fi8h. 


: Condition 
!0f light . 


: number ; 
:of fish 
:positi-ve! 


lUumber 
: of fLsh: 
:negatl». 


iJTumher ! 
!0f fish 
tindif- ! 
iferent ; 


:Per cent 
:of fish 
(positive 


1 : 


! 25 


: 4 , 
idays; 


: day 


: 22 J 


: i 


: 3 


: 88^ 


2 : 


: 25 : 


: 4 : 
days! 


; dark : 


: 21 i 


\ : 


: 4 ; 


\ 84% 


3 i 


: 20 ; 


\ 34 ! 
: days: 


; day : 


: 17 : 


: i 


: 3 


\ 85^ 


4 : 

1 


: 20 ; 


: 42 i 
(days: 


: day ; 


: 16 ! 


! : 

k 4 


: 4 : 


\ QOfo 



Total percentage of Brook Trout reacting positively 84*25^ 



The fish were placed in the trough one at a time in most cases 
with right and left sides alternately toward Che current before 
the water was turned on# The fact that the older trout showed a 
slightly smaller percentage of positive reactions is probably 
not signif icajit^ as there appears to be no difference in their 
reactions, except such as would be caused by their greater 
activity and strength* Although it is not recorded in Table I, 
embryos which had just been hatched were found to react 
positively to current • But they were usually unable to swim 
more than a few centimeters, or able merely to orient themselves, 
owing to the size of the yolk sac* 

While none of the Brook Trout were persistently negatively 
in their reactions to current, there were always a few which did 
not give a definite positive response* Since it was noted that 
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a fi8h was sometimes carried backward farther than it was able 
to advance, the four exhbryos in experiment number two which did 
not react definitely were tested later in the light, where they 
could be watched* One fish did not swim at all« Three fish 
were carried backward, but oriented toward the source of the 
current* They struggled to advance, but were unable to do so* 
Therefore, these were actueaiy positive* 

Of the twenty-one which are marked positive, five were 
evidently weak; their condition somewhat resembling the three 
Just mentioned. Since these were found on being tested in the 
light to be clearly positive, and on the third trial in the dark 
progressed decidedly toward the current, they were included with 
the trout which had just been observed to move definitely 
against the current* 

In order to discover whether surrounding objects effect the 
reaction to current, a striped paper was passed back and forth, 
beneath emd at the sides of the glass dish containing Brook 
Trout about three weeks old* Ho reaction resulted* Brook 
Trout were also placed in a round glass dish set within another 
dish and a current of water made to run between the dishes. To 
this also the fish failed to react* Hence during the first 
few months^ the sense of sight appears to have little or no 
relation to the reaction of Brook Trout to current* This does 
not eigree with what Lyon ('04) believed to be true regarding the 
fishes with which he worked* 
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Positive rheotropism was also exhibited by a eohool of 
German Brown Trout two or three months old, that were almost 
invariably found resting or swimming about near the source of 
the current in the trough where they were kept* On testing 
Rainbow Trout three days old, when the yolk sac is enormously 
large, forty or fifty per cent were observed to be positive to 
current, ^ile sixty per cent were indifferent, the latter 
either lying quiet or whirling about without orienting themselves 
lAien stimulated* 

6* REACTIONS TO LIGHT. 

That young Brook Trout are negatively phototropic has 
been recognized by the fish-hatchers who, finding that the 
trout seek the dark corners, keep the tro\ig}is covered* Their 
phototropism, however, was tested more accurately in the 
following manner; a Nernst lamp was placed within a large 
box (75 C91* wide x 120 cm* long x 120 cm* high) blackened in- 
side and out, and having an opening (6 cm* x 9 cm*) at one end* 
A narrow glass dish 4 cm« through containing water was placed 
before the hole to absorb the heat rays; at right angles to 
this was an oblong glass dish with rectangular sides (38 cm* 
long X 10 cm* wide x 8 cm* high) in which the fish were 
placed* 

Brook Trout of nearly every age, from those irtiich had 
just hatched to those two months old, were placed in the dish 
singly or in groups and left for varying lengths of time* 
Table II shows the results* 
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TABLE II. 
Showlnp the ll^ht reactions of Brook Trout * 



Age of ; 
trout 


I Humber of 
: trout 


: Strength ; 
: of light ' 


: Numher of 

: trout 

: neffative i 


I Niunber of 

: trout positive 


2 
days 


: 25 ! 


iI'TS candle; 
: meters 


: 14 ; 


: 


2 days : 
2 days ; 


! 25 

t 5 : 


:2*3 candle; 
: meters : 
;7»7 candle: 
: meters ; 


: 21 : 

: 4 : 


! 2 
: 


21 days: 


: 10 : 


;2.3 cand).e: 
; meters . : 


: 7 : 


I 2 


21 days: 


: 10 : 


:7.7 candle; 
; meters ; 


: 8 


• 


21 days: 


: 10 


:16 candle : 
; meters 


: 8 ; 


: 2 


Totals : 


; 85 


» « 


; 62 ' 


; 6 



NiimlDer of : 
trout in- ; 
different : 


: Percent of : 
I trout nega-: 
: tive : 


; Percent of : 
: trout posi-: 
: tire ; 


: Percent of trout 
, indifferent 


11 : 


: 1 
: 56;; ; 


: : 


; 44^ 


2 : 


: 84^ ; 


; e% : 


; e>% 


1 : 


: 80^ ; 


t ! 


\ 20% 


1 ! 


: 70^ ; 


\ ZOfo \ 


; 10^ 


2 ; 


t 80^ ; 


: i 


\ 20^ 


; 


: 80^ : 


i 20^ : 


\ 


17 


: 15% : 


! S% 


: 17,^ 



Totals 
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In the experim.ents tabulated the trout were placed in 
the center of the dish with right and left sides alternately 
toward the light , so as to eliminate complication from a 
propensity to turn toward a particxilar side of the body. 
Each fish was observed for five minutes* The strengths of 
the lights given are approximately what the fish actually 
encountered in the center of the dish* It may be noted that 
a somewhat greater percentage reacted negatively to a light 
2*3 candlemeters than to a light 1«5 csuidlemeters* Above 2*3 
candlemeters, however, the increase in the strength of light 
seems to make little difference* Brook Trout less than a 
week old in general react more strongly to a weak light (2«3 
candlemeters) than to a strong one (16 candlemeters}* With 
the older fish this does not seem to be true* 

The conclusion that young Brook Trout larvae are 
negatively phototropic was corroborated by other incidental 
observations* mfhen a dish containing fish was placedbefore a 
window they almost invariably sought the side of the dish away 
from the light* The same was true of the Rainbow Trout* 

In order to discover whether a Brook Trout is photo- 
kinetic, a Nernst lamp was suspended about eighteen inches 
above a dish containing them* TOien the light was first 
turned on, the trout darted about vigorously, many seeking 
the corners of the dish* After a few minutes e^gposure. 
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however, tliey come to rest quietly as before. The same 
experiment was tried with Rainbow Trout with like results. 
It was observed that the raising of a window curtain suddenly 
allowing the sunlight to fall on a dish of Rainbow Trout, 
stimulated them to unusual activity for several minutes. 

From these experiments it is evident that Brook Trout are 
photokinetic and negatively phototropic. 

7. LIGHT AlH) CURREHT. 

It has been shown that Brook Trout are negative to light 
and positive to current. It is desirable to know how they 
react when the two stimuli conflict. Pish -hatchers claim that 
when a light is placed at the head of the current, the trout 
go away from the light, thus reversing the usual reaction to 
current; In order to study this matter, the trough used for the 
current experiments was entirely covered except for an opening 
3 cm. X 4 cm. at the end where the water entered. Opposite 
this opening, was placed a ITernst lamp Jiaving an intensity of 
about ten candlemeters in the center of the troiigh. 

Trout about one week old were placed in the center of 
the trough, four at a time in most instances, since the trough 
was found to be large enough to hold that many without inter- 
ference. Their positions were noted Just before the water 
was turned on and again five minutes later. Twenty-five Brook 
Trout were used. Of these twenty-three moved away from the 
light and two fish did not chauage their positions. 
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This Beems to show that Brook Trout become negative to 
current when a llgjit is placed at the head of the streeim* 
This probably means that in natural conditions, when they have to 
choose between shelter and cool water, they seek shelter. 

8* CAKBOIT DIOXIDE AlH) LIGHT* 
Since an excess of Carbon Dioxide is a condition which a 
growing fish is likely to meet, the way in which a Brook Trout 
responds to it and the effect it has upon its light reactions 
is very important in determining whether or not the trout is 
to escape from the unfavorable conditions, and swim into *• 
purer water, where there is more oxygen# 

For the purpose of discovering the effect of an excess 
of carbon dioxide upon the response to light, fifty individuals 
were tested separately in the apparatus used for the light 
experiments in a five percent solution of carbonated water •♦! 
The strength of the light for one-half the fish was two candle- 
meters, for the other half about eight candlemeters* The 
results of the two were similar • 

Almost immediately after a trout was placed in the 
carbonated water, the fins began to move more rapidly and the 
mouth to open and close with a gulping motion* Shelf ord (*14) 
describes this same condition in the fish that he tested in 



•1# The solution of carbonated water was made by 
adding carbonated water from a siphon to the ordinary city 
water, ?diich is taken from Lake Mendota. 
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an excess of carl)on dioxide* In the present experiments » the 
trout were stimulated to great activity, swimming continually 
rrom one end of the dish to the other with no apparent reference 
to the light • They were as likely to stop at the end of the 
dish toward the light as at that away from it* Excess of 
oar1)on dioxide apparently causes the Brook Trout to be in- 
different to light* 

A ten percent solution of carbonated water was also tried^ 
but this was found to partially anaesthetize the Brook Trout 
in from three to five minutes, and therefore no reactions 
resulted* The yoxing trout were able to endure a five percent 
solution for two or three hours without apparent injury; at 
the end of such a period of time they seemed somewhat sluggish* 
A two and a half percent solution also had a stimulating effect* 
A twenty or twenty-five percent solution caused all swimming 
movements to stop almost immediately, and made the heart beat 
of a trout three weeks old fall within about eight minutes 
from an average of eighty beats a minute to thirty-seven* Death 
ensued very soon after that* This was tried in several other 
oases with similar results* 

9* REACTION TO SHADOWS. 
As was stated in the discussion of rheotrox^jism, the 
Brook Trout three weeks old does not respond to moving objects 
outside the water* This seems to be true of objects in the 
water also, provided they do not cause mechanical jars* This 
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aT)8ence of reaction to shadows continues until the embryo is 
atbout six weeks old, vrtien the greater part of the yolk sac is 
absorbed* At this time the trout suddenly begin to respond; 
the waving of a hand above the dish causes them to dart about 
in all directions ♦ If such a movement is made repeatedly, 
however, they soon become accustomed to it and cease to react 
for a time. 

The reaction to shadows is, therefore, not present at 
hatching, but becomes apparent at the time when the yolk sac is 
greatly reduced in size and shortly before the feeding reactions 
begin. It would be interesting to know whether there is a 
change in the eye or the nerve connections at this period, which 
brings about this new response, or whether it is merely due to 
increased swimming power. 

10. PEEDIITG EEACTIOFS. 

The feeding reactions begin when the Brook Trout are about 
two months old. At this time the larvae appear to develop a 
sudden curiosity concerning everything about them. They swim 
to the top more frequently and often explore the bottom. 
The fish studied were fed liver chopped very fine and put into 
the water with a dropper. For several days the trout did not 
appear to notice itj at least they were not observed to eat it. 
A stream of meat juice directed against the body was avoided 
in the same manner as a jet of clean water. After a week or 
less, however, the trout began to take bits of food into their 
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mouths as they chanced upon them and often to swallow them* 
From this time on, they were observed to dart after pieces of 
meat floating about in the water, although they often rested 
directly upon meat lying on the bottom without appearing to pay 
any attention to it* They were also seen to chase bubbles and 
bits of filter paper, ajid to taJce them into their mouths, but 
they never swallowed them* The fish were fed in dishes with 
black or white bottoms. The trout were found to take food more 
eagerly from the dishes with black bottoms where the food was 
more plainly visible, although they would also eat pieces of 
meat over the white backgrounds* This fact is made use of by 
the fish-hatchers who feed the larvae in blackened troughs* 

In order to discover what part is played by the chemical 
sense in helping the Brook Trout to find its food, a bag con- 
taining meat was plax)ed in the water j this was nosed by the 
trout and one fish bit at it* At other times two ba^s, one 
with food and one without it, were set in the dish* The 
trout investigated both bags, but they bit at neither* They 
were apparently unable to discover meat hidden under a paper 
in the bottom of the dish* Although they wandered over it as 
they swam about, it was not noted that its presence had any 
effect upon the fish* 

The Brook Trout apparently first react through sight 
to the presence of food, since they were often observed to 
leave pieces of meat near them to dart after bits feaffyex away, 
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which would not be the case, were it the chemical sense which 
was most strongly stimiilated* The gustatory sense appears to 
determine whether or not the food is swallowed* 

C* GEKERAL DESCRIPTIOIT OP THE EAKLY LIPE OP THE BROOK TROUT. 

Let us follow a developing Brook Trout on the pehbly 
"bottom of a swift flowing streairit During the first six weeks of 
its existence it does not move far from the spot where it was 
hatched, but lies quietly in the shadows among the stones, out 
of sight of its enemies • It is not affected by objects passing 
over head# If someone throws a stone into the water, the jar 
startles the little fish into swimming about rapidly for a few 
seconds, after which it sinks again into some shady nook« Here 
it rests, until a sudden eddy caused by an animal swimming 
through the water, makes it dart a few inches into the current. 
Other tiny fish touch and jostle it continually. If the water 
becomes filled with carbon dioxide, it becomes more active, and 
overcoming its impulse to avoid the light, swims about rest-* 
lessly from place to place until it comes into purer water, idiere 
it again sinks down beneath the stones • Thus far its responses 
have been largely avoiding reactions, serving to keep it from 
unfavorable conditions. 

TOien the trout is about six weeks old, it becomes more 
sensitive to objects outside itself. The sight of other 
animals passing by sends it scurrying under the cover of moss 
and stones. Shortly after this, it begins to be curious. 
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nosing nearly every object which it sees. It swims to the top 
of the water in pursuit of a bubble* It e3Q)lores the bottom of 
the stream, often swimming head downward, passing in and out 
among the rocks, stones, and algae* Many particles on the 
bottom or floating above are taken into the mouth* If fo\md to 
be good to eat, they are swallowed; if not, they are expelled* 
As the fish eats, it takes food more and more eagerly until 
it is satisfied, when it ceases to react, and hides in the algae* 

Throughout its larval life the Brook Trout is reacting 
to external and internal stimvili, responding to nearly eveiy 
ctxrrent, object or ray of light that strikes it# 

In general, the behavior suits the needs of the fish* As 
long as the trout are very young, and are enctmibered with the 
large yolk sac, which renders them unable to swim any distance, 
their reactions are such as would naturally tend to keep them 
lying quietly out of the sight of their enemies* They exhibit 
no curiosity, but avoid the light, hiding beneath the rocks 
and stones, reacting to current just enough to keep them from 
being carried down stream* The trout appear not to notice 
external objects, except as their approach jars the fish, 
making them struggle to regain their equilibriima* 

As was previously stated, an excess of carbon dioxide 
renders them teinporarily indifferent to light, so that they 
swim about restlessly until they reach a place where the water 
is purer. 

TOien the Brook Trout grow larger, lose the yolk sac, and 
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iDecome strong enough to escape their enemies "by swimming away, 
they begin to notice moving objects inside and outside of the 
water. The approach of any object sends them darting about 
in all directions in search of a hiding place* Just before the 
trout are old enough to commence eating, they show great 
interest in every object in the water, and begin to try taking 
any small object from a bubble or a bit of alga to a piece of 
meat into their mouths, though they appear to swallow only such 
as are edible* 

From the consideration of the facts of behavior, one is 
naturally led to ask lAiat are the artificial conditions which 
best suit the needs and instincts of the young trout* In 
other words, what is the economic importance of the experiments 
discussed in this paper* One easily concludes from the obser- 
vation of the natural conditions of Brook Trout and their 
reactions to current and carbon dioxide, that the first 
essential is cool running water with plenty of oxygen* The 
water should be free from algae of a sort which is apt to get 
into the gills*. If a fungus attacks the young trout, the 
disease spreq^ds rapidly, unless the infected and dead fish 
are removed, since the fish knock against each other as they 
swim about* 

The fact that Brook Trout axe so strongly negative to 
light seems to indicate that hatching troughs should be covered, 
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or if the fish are in ponds or streams, that the trout should 
have natural covers, such as rocks, stones, or water plants, 
under which to hide* By living beneath these they may often 
escape predaceous animals n^ich prey upon them* 

Since it requires nearly a week far Brook Trout to learn 
to eat, they should be carefully watched when they are near 
the feeding stage, for if they do not learn to take food before 
the yolk sac is entirely absorbed, they will die of starvation* 
Shortly before the trout are two months old, they commence to 
swim to the top frequently and to exhibit curiosity, which 
indicates that they will soon begin to eat* Meat ground or 
chopped very fine should then be introduced into the water, so 
that the fish may take particles of it into their mouths by 
chance*as they wander about, and thus become accustomed to it 
before it is necessary for them to eat* 

D. smaiAEY* 

1* The Brook Trout Trhioh has just hatched swims with a 
whirling movement* About the fourth day adTter hatching, the 
trout coxmnences to swim in a spiral course, and from then on, 
the movements become gradually better coordinated, the trout 
swimming in larger circles and going straight ahead for 
greater distances* 

2* The Brook Trout reacts to touch and mechanical jars 
immediately after hatching* The head is the least sensitive 
to touch of any part of the body, the eye being insensitive* 
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The reaotion is more marked when the trout is Btimtilated at a 
number of points, than when it is touch^with a single bristle* 

3« Positive rheotropism becomes apparent as soon as the 
trout has hatched* 

4. The Brook Trout is photokinetic and negatively photo- 
tactic* 

5. Directive light from a lamp at the source of the current 
reverses the usual rheotropic reaction, showing that Brook Trout 
are more strongly negative to light than they are positive to 
current • 

6* An excess of carbon dioxide up to a certain point 
stimulates Brook Trout; a very strong solution depresses them* 
A five percent solution stimulates trout to move about con- 
tinually and makes them indifferent to light* Stimulation is 
also brought about by a two fiuid a half percent solution* A 
twenty or twenty-five percent solution causes a rapid fall in 
the rate of the heeirt beat, then death* 

7* Brook Trout begin to respond to shadows about the sixth 
week after hatching, when the yolk sac is greatly diminished in 
size* 

8* Feeding reactions commence when Brook Trout are about 
two months old* The sense of sight seems to cause the trout to 
take small objects into the mouth, the gustatory sense to de- 
cide whether or not they are edible* 

9* Before the yolk sac is absorbed the reactions of the 
young trout are protective, afterward they are exploratory and 
aggressive* 
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